In this article, the Adomian Decomposition Method (ADM) is used to obtain the numerical solution the different types of second order systems like stable, unstable, stiff systems and system with singular-A. The obtained discrete solutions using ADM and fourth order Runge-Kutta Method (RK) are compared with the exact solutions of the problems and are found to be very accurate. Tables for discrete and exact solutions are presented to show the efficiency of ADM. This ADM can be easily implemented in a digital computer and the solution can be obtained for any length of time.
Introduction
In recent years, much research has been focused on numerical solution of the second order system of differential equations by using various kind of techniques. In the literature, the Adomian's decomposition is used to find approximate numerical and analytic solutions of a wide class of linear or nonlinear differential equations [Adomian [2, 3] ; Repaci [13] ].
B.J. Adegboyegun and E.A. Ibijola [1] derived the theory and application of ADM for numerical solution of second order Ordinary Differential Equation (ODE). J. Biazar, E. Babolian and R. Islam [4] find the solution of the system of ODE by ADM. N. Bildik and A. Konuralp [5] found the use of Variational Iteration Method, Differential Transform Method and ADM for solving different Types of nonlinear Partial Differential Equations. V. Daftardar-Gejji and S. Bhalekar [6] solving multi-term linear and non-linear diffusion wave equations of fractional order by ADM. A.M.A. El-Sayed, S.H. Behiry and W.E. Raslan [7] solving an intermediate fractional advection -dispersion equation using ADM.
D.J. Evans and K.R. Raslan [8] solving delay differential equation using ADM. R. Grzymkowski and D. Seota [9] solving one-phase inverse Stefan problem solved by ADM. M.M. Hosseini and M. Jafari [10] gave a note on the use of ADM for high-order and system of nonlinear differential equations. E.A. Ibijola and B.J. Adegboyegun [11] solved ODE using ADM. S. Pamuk [12] found an application for linear and nonlinear heat equations by ADM. A. Repaci [13] proved the Accuracy of ADM for Nonlinear Dynamical Systems. S. Saha Ray [14] found analytical solution for the space fractional diffusion equation by two-step ADM. A.K. Sen [15] found an application of the ADM to the transient behavior of a model biochemical reaction. Q. Wang [16] derived numerical solutions for fractional KdV-Burgers equation by ADM.
The goal of this paper is to implement the Adomian's Decomposition Method to the different types of second order systems like stable, unstable, stiff systems and system with singular-A, of differential equations, which are often encounter in physical and electrical circuits problems. Most of the system of ordinary differential equations do not solve analytically. So some numerical techniques prefer to consider overcoming this type of problem. The discrete solutions are compared with the corresponding exact solutions and the absolute errors between them have been determined.
Adomian Decomposition Method
Suppose k is a positive integer f 1 , f 2 , ...f k and k are real continuous functions defined on some domain G. To obtain k differentiable functions y 1 , y 2 , ...y k defined on the interval I such that (t, y 1 (t), y 2 (t), ...y k (t)) ∈ G for t ∈ I. Let us consider the problems in the following system of ordinary differential equations:
where β i is a specified constant vector, y i (t) is the solution vector for i = 1 , 2 , ...k. In the decomposition method, (1) is approximated by the operators in the form:
). Hence the decomposition method consists of representing y i (t) in the decomposition series form given by
where the components y i,n , n ≥ 1 and i = 1 , 2 , ...k can be computed readily in a recursive manner. Then the series solution is obtained as
For a detailed explanation of decomposition method and a general formula of Adomian polynomials, we refer reader to [Adomian [1, 2] ].
Second order system
Consider a second order state-space equation
with x(0) = x 0 and x (0) = x 0 , where A and B are n × n matrices, C is an n × r matrix, x(t) is an n-state vector and u(t) is an r-input control vector. The second order system (2) has been classified into stable, unstable, stiff and system with singular-A by the nature of the eigen values of the matrix A in (2). (2) becomes a stable system as
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For this system the exact solution is
(4) 
For this system the exact solution is 
Hence (2) becomes a stiff system as
For this stiff system the exact solution is 
. Therefore (2) becomes system with singular-A as 
The discrete solutions by RK and ADM have been respectively determined for the above four examples, and using eq. (2) the exact solutions for x 1 (t) and x 2 (t) are calculated. The exact and discrete solutions for x 1 (t) and x 2 (t) at different values of time t and error between them, are shown in the Tables  1 to 4 .
Conclusion
The effectiveness of fourth order Runge-Kutta method (RK) and Adomian's Decomposition Method (ADM) have been established by comparing different types of second order systems like stable, unstable, stiff systems and system with singular-A. Moreover, as illustrated by examples, the proposed method gives more accurate results than the RK method. By observing the results from the Tables 1 to 4, Adomian's Decomposition Method is more suitable to deal with different types of second order systems. 
